Although there have been advances in our ability to treat child and adolescent depression, use of evidence-based treatments still results in many patients with residual symptoms. Advances in our understanding of cognitive, emotional, and ecological aspects of early-onset depression have the potential to lead to improvements in the assessment and treatment of depression. A search for endophenotypes, i.e., traits that are related to depression, mediate the familial transmission of depression, and are genetically determined, may help in understanding etiology and in personalizing treatment. However, advances in treatment may also come from the identification of biomarkers, i.e., modifiable neurocognitive, physiological, or biochemical indices that are correlated with, or mediate, treatment outcome. More effective treatments may emerge from being able to personalize interventions to the patient's cognitive, emotional, and developmental profile.
task, depressed youth are less likely to choose an option with high probability of a high magnitude reward and show lower activation in reward-related brain areas while performing such tasks (Forbes et al., 2006b; Forbes, Shaw, & Dahl, 2007) . Low levels of positive affect and reward-orientation are predictive of onset and recurrence of depression (Forbes et al., 2006b; Forbes et al., 2007) . Conversely, positive reward anticipation buffers the relationship between maternal history of depression and offspring internalizing symptoms (Silk, Shaw, Skuban, Oland, & Kovacs, 2006) .
Emotion regulation
Emotion regulation can refer to the magnitude and duration of physiological arousal. With regard to the former, depressed adolescents show higher cortisol levels measured close to sleep onset (Forbes et al., 2006c) . Depressed youth have reported to have either decreased (Thomas et al., 2001) or increased amygdala reactivity to emotional faces (Roberson-Nay et al., 2006) , with the latter study controlling for the difficulty depressed youth have in encoding facial memory (Pine, 2004) . Young offspring of mothers with early-onset depression show lower resting respiratory sinus arrhythmia and increased heart rate in response to frustration (Forbes, Fox, Cohn, J., Galles, & Kovacs, 2006a) . Adolescent female offspring of depressed parents show increased cortisol secretion in response to social stress (Halligan, Herbert, Goodyer, & Murray, 2004 .
Alternatively, emotion regulation can refer to the strategies with which an individual engages in order to modulate emotional response to provocation or frustration. Depressed youth are slower at switching attention (Wilkinson & Goodyer, 2006) , and those predisposed to depression show use of greater cognitive resources when exposed to emotional stimuli (Perez-Edgar et al., 2006) . Offspring of depressed parents show decreased ability to use distraction, cognitive shifting, and positive memories and are more likely to passively withdraw in the face of frustration or induction of sad mood (Forbes et al., 2006a; Silk et al., 2006) .
Parental depression and genetics
Offspring of depressed parents are at increased risk for a depressive episode, with greater risk being associated with greater family loading for depression, earlier parent age of onset, and recurrent depression in parents (Weissman et al., 2006b) . Greater family loading for depression is associated with earlier onset in offspring, higher rates of comorbid anxiety, and greater risk of chronicity (Klein, Lewinsohn, Rohde, Seeley, & Olino, 2005; Weissman et al., 2006b) . Twin studies find greater heritability for adolescent vs. childhood onset depressive symptoms, and co-transmission of depression and anxiety symptomatology (Thapar & McGuffin, 1997) . The less functional variant of the serotonin transporter gene is associated with early-onset depression, especially in concert with environmental stress (Caspi et al., 2003) . In addition, this genetic variant has been shown to be related to biological correlates of depression and anxiety, such as amygdala reactivity to emotional faces (Hariri et al., 2002) , and cortisol hypersecretion to social stress (Gotlib, Joormann, Minor, & Hallmayer, in press ).
Family interaction
Depression in parents conveys increased risk for depression in their offspring, through environmental as well as heritable pathways. High levels of expressed emotion and parentchild discord have been associated with the onset, recurrent, and prolongation of depressive episodes (Silk et al., in press; Emslie et al., 1998) . Mothers with a history of depression, compared to control mothers, are less engaged with their children during a problem-solving task, are less responsive to their children's emotional distress, and promote fewer emotion regulation strategies in their children . Conversely, treatment of maternal depression may protect unaffected children against disorder and improve the outcome of children currently in mental health treatment (Weissman et al., 2006a; Swartz et al., in press ). EMA assessments demonstrate that depressed children and adolescents spend less time with their families than do their non-depressed counterparts (Silk et al., 2007a ). The quality and quantity of parental involvement can be protective against depression and other adverse health and mental health outcomes (Resnick et al., 1997) .
Early experiences
The quality of early parental care can affect risk for depression and a wide range of health outcomes (Felitti et al., 1998) . Children whose mothers have experienced a perinatal depression have higher cortisol levels, which mediates the relationship between maternal and offspring depressive symptoms (Halligan et al., 2004 (Halligan et al., , 2007 . However, abuse has been reported to be associated with a less vigorous cortisol response to social stress (Heim et al., 2002) and lower salivary cortisol (Kaufman, 1991) . Early deprivation can result in lower central serotoninergic function, which in turn is associated with impulsive aggression, depression, and suicidal behavior (O'Connor & Cameron, 2006) . Low birth weight and early maternal age have also been reported as risk factors for the development of depression, especially in females (Lewinsohn et al., 1998; Costello, Worthman, Erkanli, & Angold, 2007) .
Life events
Independent life events, such as parental loss, are risk factors for depression. Dependent life events, e.g., those generated by the youth at risk for depression, appear to be conflated with genetic risk for depression (Eaves, Silberg, & Erkanli, 2003) . Youth belonging to an antisocial peer group are at increased risk for depression, because of the likelihood of incurring depressogenic life events like parent-child conflict, disciplinary and legal problems (Fergusson & Lynskey, 1996) .
Sleep
Depressed youth report more subjective sleep difficulties than healthy controls, but show few objective indicators of disturbed sleep (Forbes et al., 2008) . By objective measures, difficulty falling asleep and shorter total sleep are more closely associated with anxiety disorders, and may partially explain the increased risk for depression in those with anxiety disorders (Forbes et al., 2008) .
Peer relationships
Interpersonal relationships often are precipitants for depression, particularly in adolescents. EMA assessment shows that depressed adolescents spend more time with their friends than do their non-depressed counterparts, but also that they experience more negative emotion when with peers, perhaps due to assortative friendships that reinforce negative emotion (Silk et al., 2007a) .
School and activities
Depressed youth are less likely to engage in pleasurable activities and have a less positive connection to schoolwork and activities (Lewinsohn et al., 1998) . As symptoms of depression include impaired motivation and concentration, school work is often negatively affected, and the long-term prognosis of untreated depression includes educational and occupational under-achievement (Lewinsohn et al., 1998; Fergusson & Woodward, 2002; Kovacs, 1996) .
Health risk behaviors
Depressed youth often have concomitant health risk behaviors, including tobacco and substance abuse, overeating and obesity, low physical activity, engagement in unprotected sex, and antisocial behavior, all of which have the potential to precipitate or prolong a depressive episode, to affect long-term health and functional status (Brooks, Harris, Thrall, & Woods, 2002) .
Interventions Antidepressants
Efficacy-A recent meta-analysis of all FDA-registered placebo-controlled clinical trials for pediatric depression found a modest but significant advantage of drug over placebo (number needed to treat [NNT] = 10) (Bridge et al., 2007) . For the treatment of depressed adolescents who have not responded to an initial adequate trial with an SSRI, a switch to another SSRI was just as efficacious as a switch to venlafaxine, with fewer side effects . While response and sustained improvement occurs in well over half of treatment-naïve depressed adolescents, complete symptomatic remission rates are considerably lower, on the order of 20-37% after 12 weeks of treatment (Kennard et al., 2006) .
Mechanism of action-SSRI
antidepressants work by inhibiting reuptake of serotonin by pre-synaptic neurons, with at least 70% reuptake inhibition required to result in clinical improvement (Axelson et al., 2005; Lesch, Wolozin, Murphy, & Reiderer, 1993) . Studies in adults show that antidepressants increase dorsal prefrontal activity and decrease limbic activity, which allows for emotional modulation.
Developmental issues-Antidepressants are more efficacious in adolescents than in children (NNT of 7 vs. 15), except for studies of fluoxetine, in which the effects are equal in children and in adolescents. The half-lives of paroxetine, sertraline, citalopram, and venlafaxine are shorter in children and adolescents than in adults (Findling et al., 2006) , which may explain the superior efficacy of fluoxetine vs. these other agents in prepubertal youth. Also, pre-pubertal youth with depression often present with comorbid conduct disorder, a negative family history, high levels of familial adversity and a course that resembles pure conduct disorder, which may account for the high placebo response rate in prepubertal depression.
Predictors and moderators of treatment outcome-Higher amygdala activity predicts better response to fluoxetine in anxious youth (McClure et al., 2007) . Depressed and anxious youth homozygous for the more functional l allele of the serotonin transporter promoter gene are more likely to respond to citalopram (Kronenberg et al., 2007) . Family discord lowers the probability of antidepressant response (Emslie et al., 1998) . Other clinical predictors of poor outcome include chronicity, comorbidity, and baseline severity , although the difference between placebo and medication is greatest in more severely ill depressed youth (Bridge, Birmaher, Iyengar, Barbe, & Brent, 2008) .
Suicidality-Antidepressants increase the risk of a spontaneously reported suicidal adverse events by about 2-fold, with estimates of the risk difference ranging between .9-2% (Bridge et al., 2007) . Most of these suicidal adverse events were increases in suicidal ideation, with relatively few attempts, and no completions. Twelve times more depressed youth show a clinical response than experience a suicidal event (Bridge et al., 2007) . The use of antidepressants and the diagnosis of depression has dropped in pediatric populations, especially in primary care, without any counterbalancing increase in referrals for psychotherapy (Libby et al., 2007) . More concerning, after more than a decade of steady decline in the adolescent suicide rate, some, but not all countries show a one-year increase in adolescent suicide (Gibbons et al., 2007) .
Those depressed youth with high suicidal ideation, irritability, or anger have been reported to be at higher risk for a suicidal adverse event (Emslie et al., 2006) . While disinhibition, switch to mania, onset of akathisia, increased irritability, and non-adherence followed by withdrawal from medication have all been posited to be related to suicidal adverse events, none of these hypotheses have been tested in pediatric samples. The ability to identify those who are most likely to respond and least likely to have adverse events is critical to any dissemination efforts, given the current level of concern about these medications.
Prevention of relapse-Continuation treatment with antidepressant medication prevents depressive relapse over 6 months after symptomatic improvement . Protection against relapse was particularly effective in those youth who had already attained complete remission.
Psychotherapy
Efficacy-CBT consists of an amalgam of techniques, including behavior activation, cognitive restructuring, emotion regulation, problem solving, and skills training. Its effects in depression are significant, but modest (d = .35) (Weisz et al., 2006) . CBT monotherapy was not superior to pill-placebo, and markedly inferior to fluoxetine for the acute treatment of adolescent depression (The TADS Team, 2004) . Interpersonal therapy (IPT) is superior to clinical management or treatment as usual, and equal or superior to CBT, but has not been tested against pill-placebo, medication, or combination treatment (Klomek & Mufson, 2006; Rossello & Bernal, 1999) . The combination of CBT and medication has been found to be superior to medication alone for the achievement of remission (Kennard et al., 2006; Brent et al., 2008) . However, in the Adolescent Depression, Antidepressants and Psychotherapy Trial (ADAPT), no difference was found between combination treatment and medication monotherapy . The divergence in findings between the Treatment of Adolescent Depression Study (TADS) and the Treatment of SSRI-resistant Depression in Adolescents (TORDIA) on one hand, and ADAPT on the other, may be due to differences in sampling frame and design. ADAPT's participants were severely depressed adolescents who did not respond to a brief psychosocial intervention, characteristics that have been shown to decrease the likelihood of response to combination treatment in other samples .
Mechanism of action-CBT in adults has been shown to result in an increase in anterior cingulate activity, consistent with improved cognitive control over affect (Fu et al., 2008) . Decrease in cognitive distortions, and increased participation in positive activities mediated improvement in depressive symptoms (Weersing & Brent, 2006; Lewinsohn et al., 1998) . No formal tests of mediation have been conducted with IPT, but it has been shown to improve social functioning and interpersonal problem-solving (Klomek & Mufson, 2006) .
Developmental considerations-CBT has been used in both pre-adolescents with depressive symptoms and diagnosed and clinically referred adolescents. While family conflict is central to onset and maintenance of depressive symptoms, CBT treatments that have added a family component have not necessarily been more successful (Lewinsohn et al., 1998; The TADS Team, 2004) . In contrast, IPT's focus on interpersonal relationships with family and peers fits with the primary developmental tasks and common precipitants for depression in childhood and adolescence. IPT's focus on attenuating the impact of stressful life events is consistent with current views of gene by environment interactions in the pathogenesis of depression (Caspi et al., 2003) .
Predictors and moderators of outcome-Higher amygdala activity predicts response to CBT in pediatric anxiety (McClure et al., 2007) . Higher levels of cognitive distortions and greater depressive severity have predicted poorer response to CBT, although a higher level of cognitive distortion was a positive moderator of outcome for combined treatment in the TADS study Weersing & Brent, 2006) . Family conflict, a history of abuse, and current maternal depression predict a poorer response to CBT. Positive moderators for CBT outcome include comorbid anxiety and higher family income. IPT shows a greater benefit over a comparison treatment for those with greater severity of depression, and with comorbid anxiety (Young, Mufson, & Davies, 2006) . Goodyer et al., 2007) , combination treatment produced the most rapid reduction in suicidal ideation and showed a trend towards having lower numbers of suicidal events in acute treatment (Emslie et al., 2006; The TADS Team, 2004) . IPT was not different from clinical management in the reduction in suicidal ideation or events (Klomek & Mufson, 2006) .
Suicidality-In TADS, but not in other studies
Prevention of relapse and onset-The rate of relapse after acute treatment with CBT appears to be high unless booster sessions are administered (Weersing & Brent, 2006 ). The TADS study reported an increasing rate of clinical response in CBT alone over time, with no differences between the combined treatment, CBT, and the fluoxetine groups at 9 months post-treatment (The TADS Team, 2007) . These results suggest that longer and more intensive treatment can result in a high rate of sustained recovery, but this conclusion would be strengthened if there were a comparison group to control for the rate of spontaneous recovery. Group CBT and group IPT has been efficacious in the prevention of onset of depression in youth at increased risk for depression due to family or personal history of depression and/or subsyndromal depression (Weersing & Brent, 2006) . Dissemination of evidence-based treatments-IPT delivered by school counselors resulted in a higher rate of improvement of depression than usual care in school-based clinics (Klomek & Mufson, 2006) . A quality improvement study based in primary care that allowed for depressed adolescents to choose CBT and/or pharmacotherapy resulted in most participants opting for CBT, and found a modest improvement over usual care (Weersing & Brent, 2006; Asarnow et al., 2005) . Barriers against dissemination of pharmacotherapy include patient preference and patient, family, and practitioner concerns about suicidal events associated with antidepressant treatment, the latter of which warrants further study.
Conclusions and recommendations
Much progress has been made in the identification of potential endophenotypes for depressive disorder, such as cognitive bias, low positive affect and reward orientation, and emotional dysregulation. However, few research groups use the same protocol, making it very difficult to compare results across studies. The schizophrenia scientific community's development of common probes for the study of neuropsychological functioning in schizophrenia may serve as a useful template for depression researchers (Green et al., 2008) . Samples are often small and heterogeneous with respect to current symptomatology and comorbidity, which makes it difficult to disentangle trait from state characteristics. It would be of interest to understand how different domains interrelate; when studies have bridged domains, some of the payoffs are rich -as in the relationship between the less functional serotonin promoter gene variant and cortisol secretion and amygdala activation (Gotlib et al., in press; Hariri et al., 2002) . Measures that are state-or biomarkers of depression, such as neurocognitive deficits, may be useful to identify youth at risk for relapse, and to modify treatment for those who fail to respond (Majer et al., 2004; Siegle, Ghinassi, & Thase, 2007) .
We can use what has been learned about predictors and moderators of treatment response to ameliorate our results right now. Combination treatment appears to result in more rapid and/or more complete response than monotherapy in most, but not all studies Goodyer et al., 2007; The TADS Team, 2004) . Longer duration treatment is likely to consolidate treatment response and prevent relapse The TADS Team, 2007) . Assessment and treatment of maternal depression can improve treatment outcome (Weissman et al., 2006a; Swartz et al., in press ). In patients with comorbid anxiety both CBT and IPT have been shown to be of benefit Weersing & Brent, 2006) . While poor response to CBT is predicted by a lower income, IPT has been successfully implemented in samples of low income, minority youth (Klomek & Mufson, 2006; Rossello & Bernal, 1999) .
Prioritizing use of antidepressants for youth with moderate to severe depression could improve the benefit-to-risk ratio. We lack dose-response studies in depressed youth that could clarify the relationship between exposure and outcome, and facilitate rational dosing of youth with antidepressants. Biomarkers such as serotonin reuptake inhibition may serve as proxy endpoints for treatment response, and allow for more precise titration of dosage. Some relatively simple ways to individualize treatment would be to identify patients who are at risk for inadequate exposure to medication, either due to non-adherence, or rapid metabolism, and, on the basis of drug level monitoring, titrate their dosage accordingly. Given the likely high rate of non-adherence to medication regimens, additional patient education and motivational interviewing may be indicated. Non-pharmacological management of sleep difficulties may also boost response rates to antidepressant treatment . Finally, further study of the pharmacological agents to increase the pace of response is indicated in order to decrease the hazards of continued depression (Zarate et al., 2006; Sallee, Vrindavanam, Deas-Nesmith, Carson, & Sethuraman, 1997) .
Response to selected emotional stimuli that distinguish suicide attempters from nonattempters in a sample of depressed patients suggest that interventions that target emotion regulation may reduce the risk for suicidal events during treatment with an antidepressant (Jollant et al., 2008) . Pharmacogenetic profiling may help to identify individuals most likely to respond and less likely to experience suicidal adverse events (Laje et al., 2007) and cognitive measures of preoccupation with suicidal ideation such as the Implicit Association Test may be useful in monitoring risk for suicidal events (Nock & Banaji, 2007) .
Optimization of treatment response may be achieved via biomarkers of treatment response, such as anterior cingulate or amygdala activity in response to negatively-valenced emotional stimuli. Although neuroimaging may not be a practical tool to add to a large-scale clinical trial, there are off-line measures of emotion reactivity that may serve as surrogates, such as pupillometry (Silk et al., 2007a) . One promising approach that translates the neurocognitive observations of difficulty with attention and set-shifting into an intervention for chronic depression is Cognitive Control Training (Siegle et al., 2007) .
The overall effects of child and adolescent depression treatment have been modest, perhaps due to a mismatch between current treatment approaches and the developmental psychopathology of depression Cognitive distortions become more fixed outside of depressive episodes during adolescence, which may limit the efficacy of CBT in younger populations. Youth are most concerned about their relationships with their family, their peers, and school. Although these concerns are often topics within CBT, this treatment does not explicitly target domains known to influence outcome, such as family conflict, parental depression, peer relationships, and the make-up of the child's peer group. CBT tends to focus on the cognitive mode of emotion regulation, with a secondary emphasis on behavior activation or interpersonal modes of emotion regulation, despite equal or greater evidence for the efficacy of the latter two approaches . Moreover, high levels of cognitive distortion in most studies predict a poorer response to CBT, perhaps because cognitive bias, while partially modifiable, may be a trait rather than a state marker of depression. Better outcomes may be obtained by careful assessment of the child's neurocognitive and emotional regulation profile, and matching treatment strategy to those deficits most easily modified. In the absence of such assessment tools, some depressed youth may respond better to alternative emotion regulation techniques such as engaging in physical activity and in other rewarding behaviors, and practicing use of distraction, setshifting, and accessing positive memories (Siegle et al., 2007) .
While IPT focuses also primarily on the interpersonal mode for achieving emotion regulation, it is an accessible and easily grasped treatment because most youth have interpersonal concerns. In the only head-to-head comparison of IPT and CBT for depressed youth, results were similar except for greater improvement in social functioning in IPT (Rossello & Bernal, 1999) . IPT may have more limited applicability if other means of emotion regulation are more beneficial for the individual (Weersing & Brent, 2006) . Interventions that also focus on the youth's social ecology, such as the make-up of his or her peer group, and the connection to school may also be useful, given previous research (Resnick et al., 1997 ).
An overarching critique of all interventions for youth depression is that they tend to ignore concomitant health risk behaviors, such as substance use, having unprotected sex, overeating, low levels of physical activity, and high stress-reactivity. Engagement in physical activity, improving sleep and emotion regulation and decreasing impulsivity may be interventions that can both ameliorate depression and reduce risks for serious chronic physical conditions such as cardiovascular disease. A broader focus on common causes for depression and related health concerns, both in etiological and in intervention research could help us help our young depressed patients to lead healthier, more fulfilling, and more productive lives.
Key points
• Research on biological markers of depression should pursue both state-like endophenotypes and trait-like biomarkers, and conduct studies that distinguish between the two.
• Incorporate measures of neurocognitive status, reward orientation, positive and negative affect, and other biomarkers into future treatment research in order to elucidate mechanisms, personalize treatment, and frame future treatment targets
• While around 11 times more depressed youth will benefit from pharmacotherapy than will experience a suicidal event, outcomes for pharmacotherapy could be improved by dosing patients based on known developmental differences in drug metabolism, conducting dose-ranging studies, and developing interventions to improve adherence.
• Combination of CBT and antidepressant medication results in the most rapid and complete recovery, but consolidation of treatment response and prevention of relapse require longer-term continuation treatment.
• Identification and treatment of maternal depression can prevent the outcome of child disorder and improve treatment outcomes in youth in mental health care
• Depression is comorbid with many other health risk behaviors, such as overeating, having unprotected sex, low levels of physical activity, and substance abuse. Interventions that address the common causes of these difficulties should be developed and tested.
